Flower-like CdSe dendrites were prepared from a mixed solution of water, ethanol and ionic liquid based on formic acid and N,N-dimethylformamide. Experimental results show that the growth of flower-like CdSe dendrites is not only determined by the inherent polar structure but also strongly dependent on the type of solvents.
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Many inorganic nanostructures have been fabricated via various IL-involved processes. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] For example, our group synthesized tellurium nanowire bundles using the novel aqueous ionic liquid composed of triethanolamine (TEA) and tetrafluoroboric acid (HBF 4 ) as the reducing agent and structure-directing agent. 18 The advantages of ILs for the synthesis of novel nanostructures have been realized. These promising works inspired us to explore a simple IL system for controlled growth of inorganic materials.
Recently, Brønsted acid-base ILs have been subjected to extensive studies because of their simplicity, low viscosity, low cost and reactivity. [21] [22] [23] Dai et al. 24 developed a novel class of proton-transfer ILs whose Brønsted bases are composed of N,N-dimethylformamide (DMF). Considering the solvent characteristics of DMF (e.g., high dielectric constant, low viscosity, wide liquid range, etc.) and chemical reactivity, we aim to synthesize CdSe nanostructures from this protonated DMF-based ionic liquid. Synthesizing CdSe materials is important for many reasons: i) CdSe is one of most attractive semiconductor materials with widely potential applications in fabricating nanoscale electronic, photonic, electromechanical, and biomedical devices; [25] [26] [27] [28] ii) as an ideal system, CdSe is used to verify the kinetic model of particle growth in solution, [29] [30] [31] [32] [33] ), it is still meaningful to study novel route to preparation of CdSe nanomaterials for its importance in nanoscience and nanotechnologies. Therefore, it is crucial to develop novel synthetic approaches to control the morphology of CdSe nanostructures.
In this study, we report the synthesis of flower-like CdSe dendrites using a Brønsted acid-base ionic liquid as reducing reagent, solvent, and structure-directing reagent. The formation mechanism of flowerlike dendrites is discussed from the point of view of the polar structure of CdSe crystals and the characteristics of the ionic liquid. This reaction system could be further explored to prepare other inorganic materials.
The flower-like CdSe dendrites were synthesized under solvothermal conditions at 150 uC for 24 h, using a mixed solution of water, ethanol, an ionic liquid based on formic acid and N,N-dimethylformamide, cadmium chloride and selenium dioxide as solvents, cadmium and selenium sources, respectively. The crystal structure and phase composition of the CdSe products were first characterized using X-ray diffraction (XRD) analysis. Fig. 1 displays a representative XRD pattern of the as-prepared CdSe samples. The diffraction peaks can be readily indexed to the hexagonal phase of CdSe (JCPDS card, No. 77-2307) with lattice parameters of a = 4.299 Å and c = 7.01 Å . Moreover, the strong and sharp diffraction peak (002) suggests that the crystals grow preferably along the c-axis. 46, 47 The sharp diffraction peaks also indicate that the products are highly crystalline. In addition, the elemental composition of the flower-like CdSe nanostructures was further investigated by an energy dispersive X-ray (EDX) system attached to the transmission electron microscopy (TEM) (Fig. S1{) . In the spectrum, only Cd and Se are observed except for the C and Cu signals that originate from the Cu grid film. Based on the relative areas of the peaks of Cd and Se, the atomic ratio of Cd to Se is calculated to be about 49.6 : 50.4, close to 1 : 1. The morphology and microstructure of the as-synthesized flowerlike CdSe nanostructures were further characterized by scanning electron microscopy (SEM) and TEM. Fig. 2a shows the abundance and uniformity of CdSe hierarchical flower-like nanostructures. The high-resolution SEM image shows an individual CdSe microcrystal with a hierarchical flower-like nanostructure (Fig. 2b) . Fig. 2c and d show the detailed structures of the part c and d flower-like CdSe dendrite, respectively. The clear lattice fringes in Fig. 2c and d in HR-TEM images indicate the growth of high quality single-crystalline CdSe. Moreover, its single crystallinity was further confirmed by the regular hexagonal patterns in the fast Fourier transform (FFT) of high-resolution TEM images (insets in Fig. 2c and d) .
To explain the formation mechanism of flower-like CdSe dendrites, we first consider that the wurtzite-structured CdSe crystal could be structurally described as a number of alternating planes composed of four-fold tetrahedrally-coordinated Se 22 and Cd 2+ ions stacked alternatively along the c-axis, 12 similar to the wurtzitestructured ZnO. 48, 49 The wurtzite-structured CdSe crystals are composed of nonpolar planes and polar planes. 12 In our experiment, the key strategy to control the morphology of CdSe nanomaterials is to vary the surface energy of the polar surfaces by strong electrostatic interactions between the ions of the ionic liquid and the polar surfaces. + ions) formed during the processes of nucleation and growth of CdSe. Thus, the CdSe nanocrystals formed first because of the charge interaction between polar planes and moieties of ionic liquid. However, CdSe nanocrystals can further aggregate along the polar directions to form flower-like dendrites by strong electrostatic interactions between the polar surfaces, when moieties of ionic liquid separate from the polar planes of CdSe due to the relatively weak coordinating effects. Dipole-dipole interactions between individual CdSe nanocrystals then induce self-assembly and fusion, producing flower-like dendrites based on the anisotropy in the interactions. 50 This is consistent with XRD and HR-TEM results and is further verified from the evolution of flower-like CdSe dendrites formation (Fig. 3) . During this process, there is not any solid product during the first four hours, which indicates that the inducing growth of CdSe crystals is long in the present reaction system. After 8 h reaction, there are some dendrites and particles (Fig. 3a) . It is well known that the wurtzite-structured CdSe has a preference to form dendrites rather than particles. 51, 52 When the reaction was terminated after 18 h, the well-defined flower-like dendrites formed and particles completely disappeared. In addition, we found that there is clear difference in the morphologies of the flower-like dendrites (Fig. 3a-c) . This indicates that there is an Ostwald ripening process during the growth of flower-like CdSe dendrites. It has been suggested that the formation mechanism of dendrites can be explained by the diffusionlimited aggregation (DLA) model. 53 In this model, the randomly moving nuclei formed in such reduction solution can accumulate with each other to form kinetically roughened dendritic structures. . However, nanoparticles rather than dendrites were produced (Fig. S2{) . This may be due to the strong charge interaction between polar planes of CdSe and moieties of ionic liquid, which completely inhibited particle aggregation.
In addition to the concentration of ionic liquid, ionic liquid and ethanol also play important roles during the formation process of flower-like CdSe dendrites. When ionic liquid was replaced by the same volume of DMF, irregular microspheres (Fig. S3a{) altered by changing the polarity of the solvent. In summary, variation in the solvent composition resulted in a series of morphologies with three-dimensional structures. In summary, novel flower-like CdSe dendrites have been synthesized by optimizing the reaction parameters by a Brønsted acid-base ionic liquid-assisted method. Formation of flower-like dendrites depends on the interaction between the polar structure of CdSe crystals and the ionic liquid. This study suggests that ionic liquid is an important factor in the formation of flower-like CdSe dendrites. Such a Brønsted acid-base ionic liquid method may be extended to synthesize other inorganic materials.
